This study aims to determine trends in annual and seasonal rainfall and rainy days over different river basins across India. The data used consists of daily gridded rainfall at 1°Â 1°resolution for the period 1951-2004. Sen's non-parametric estimator of slope was used to estimate the magnitude of trend whose statistical significance was assessed by the Mann-Kendall test. Among 22 basins studied, 15
INTRODUCTION
The agriculture-based economy and food security of India is dependent on the timely availability of adequate amounts of water. The rainfall received over an area is an important factor in assessing the amount of water available to meet various demands such as agricultural, industrial, domestic water supply and hydroelectric power generation. Global climate changes may influence long-term rainfall patterns impacting the availability of water, along with the danger of increasing occurrences of droughts and floods. The southwest monsoon, which brings about 80% of the total precipitation over the country, is critical for the availability of fresh water for drinking and irrigation. Changes in climate over the Indian region, particularly the southwest monsoon, would have a significant impact on agricultural production, water resources management and the overall economy of the country. The heavy concentration of rainfall in monsoon months (June to September) results in a scarcity of water in many parts of the country during the non-monsoon periods.
In the past, a number of studies have attempted to investigate trends in climatic variables for the country. These studies have looked at the issues on the country scale, regional scales and at the individual stations. The literature review in the following section covers the various reported studies.
Very few studies have tried to examine the trends in the climatic variables at the scale of river basins. Work reported in this paper has used a much larger and recent database. ). Few studies (Mirza et al. ; Singh et al. , a) , have investigated the trend and magnitude of variations in rainfall on the basin scale. Mirza et al. () have studied the changes over only three river basins, namely Ganges, Brahmaputra and Meghna. They showed that precipitation in the Ganges basin is by and large stable. One of three subdivisions of the Brahmaputra basin showed a decreasing trend while another showed an increasing trend. Ranade et al. () found no trend in starting or ending date, duration and total rainfall amount of the hydrological wet season over different river basins of India.
Using data from 316 rain gauges, Singh et al. () found that annual rainfall over major basins in Central India (Sabarmati, Mahi, Narmada, Tapi, Godavari and Mahanadi) showed a decreasing trend since the 1960s while in other basins (Indus, Ganga, Brahmaputra, Krishna and Cauvery) an increasing trend is found. Singh et al. (a) have studied the changes in rainfall over the last century in nine river basins of northwest and central India by analyzing the data from 43 stations. The rate of change of rainfall at each of these 43 stations was estimated by linear trend line slope.
These point values were interpolated to obtain the spatial distribution of rainfall change over the study area. They found increasing trends in annual rainfall over eight river basins in the range 2-19% of the mean per 100 years. One of the limitations of the study was the use of data for a limited number of rainfall stations for analysis. Also, the statistical significance of trend was tested for only a single individual station.
Climate projections for India using global models
Climate change projections using various Global Climate Models (GCMs) and Regional Climate Models (RCMs) show an increasing temperature and changing patterns in rainfall during the 21st century over India (Rupa Kumar There has been no recent study of rainfall trends for the whole country using a long data series of dense networks of stations. No study has been conducted where the trends in rainfall and rainy days have been analyzed for all the river basins of India. Keeping this in view, in the present study changes in rainfall and rainy days have been studied on seasonal and annual scales over 22 river basins distributed across India.
The dataset consists of gridded data at 1°Â 1°resolution, which was prepared by the India Meteorological Department ; with a 1.9 Â 10 4 km 2 catchment area, Subarnarekha is the largest river among the medium rivers in the country. Major river basins of India are shown in Figure 1 and details such as river length, catchment area and average annual water availability are provided in Table 1 . 1947) to the latest available good quality data. As per the IMD norms, the raw data was subjected to quality control checks.
The basin map of India was digitized in ILWIS GIS (ITC ) and a point map of data points (i.e. grid points) was created. Both these maps are merged in the GIS and the data points falling in different river basins determined. The rainfall for a particular day in a year for a particular basin was prepared as the arithmetic average of rainfall of that day in that year for all the grid points falling in that particular basin. The daily data was used to form the monthly dataset for a particular river 
Temporal and spatial distribution of rainfall and rainy days
The rainfall characteristics of different river basins are reported in Table 2 . Table 2 also indicates higher variability (larger coefficient of variation) of rainfall and rainy days during winter, pre-monsoon and post-monsoon seasons.
WFR2 basin receives the maximum mean annual rainfall followed by WFR1 and Brahmaputra, whereas Luniþ and Sabarmati basin receive the minimum mean annual rainfall.
Looking at the seasonal rainfall depths, the maximum rainfall in the pre-monsoon season was received over Brahmaputra and Barakþ basins followed by WFR2; in the monsoon season over WFR1 followed by WFR2 and Brahmaputra; in the post-monsoon season over WFR2 followed by EFR5 and EFR4; and in winter season maximum rainfall is received on Indus basin followed by EFR5 and EFR4. It 
METHODOLOGY
The magnitude of the trend in the seasonal and annual series was determined using Sen's estimator (Sen ).
The statistical significance of the trend in the time series was analyzed using the Mann-Kendall (MK) test (Mann ; Kendall ).
Magnitude of trend
The magnitude of trend in a time series was determined using a non-parametric method known as Sen's estimator 
where x j and x k are data values at time j and k ( j . k)
respectively. The median of these N values of T i is Sen's estimator of slope which is calculated as
A positive value of β indicates an upwards (increasing) trend and a negative value indicates a downwards (decreasing) trend in the time series.
Significance of trend
To ascertain the presence of a statistically significant trend in hydrologic climatic variables such as temperature, The statistic S is defined as (Salas ):
where N is the number of data points. Assuming ðx j À x i Þ ¼ u, the value of sgn(θ) is computed as follows:
This statistic represents the number of positive differences minus the number of negative differences for all the differences considered. For large samples (N . 10), the test is conducted using a normal distribution (Helsel & Hirsch ) with the mean and the variance as follows:
where n is the number of tied (zero difference between compared values) groups and t k is the number of data points in the kth tied group. The standard normal deviate (Z-statistics) is then computed as (Hirsch et al. ):
If the computed value of │Z│. z α/2 , the null hypothesis H 0 is rejected at the α level of significance in a two-sided test. In this analysis, the null hypothesis was tested at 95% confidence level. Figure 4 shows the monthly mean rainfall at a few of the river basins and highlights the wide variation in monthly rainfall distribution in various river basins.
RESULTS

All the river basins of India (except EFR5
)
Rainfall amount
The magnitude of the trend in annual and seasonal rainfall as determined using Sen's estimator is given in Table 3 . As expected, trends of rainfall variations show a large variability in the magnitude and direction from basin to basin.
As shown in Table 4 Seasonal analysis of rainfall trends shows that pre-monsoon rainfall increased over 9 river basins and decreased over 13 river basins; monsoon rainfall increased over 6 river basins and decreased over 16 basins; post-monsoon rainfall increased over 13 river basins and decreased over 8 basins; and winter rainfall increased over 18 river basins Trends and magnitude of changes in annual rainfall in terms of the percentage of a mean per 100 years for all the river basins are reported in Table 3 and are depicted in The results of the Mann-Kendall test applied to annual and seasonal rainfall over different river basins (Table 3) indicates that the majority of river basins show neither an increasing nor decreasing significant trend in seasonal or annual rainfall. Out of the 22 river basins studied, the annual rainfall of only 2 river basins showed a significant trend. EFR4 showed a positive trend whereas WFR1 showed a significant negative trend. Monsoon rainfall indicated a negative significant trend in Indus and WFR1 river basins. Cauvery river basin in the post-monsoon season and two river basins (Krishna and EFR2) in winter season showed a positive significant trend in rainfall.
In pre-monsoon season, three river basins (Godavari, Krishna and WFR2) experienced a negative significant trend.
Rainy days
The results of Sen's estimator and the Mann-Kendall test for rainy days for each river basin are given in Table 4 and -0.950 -9.8 -0.800 -47.1 -0.500 -16.8 0.491 13.0 -0.246 -18.9 a maximum increase in the number of rainy days is experi- Climate change is likely to impact all facets of life.
Decreasing rainfall, as expected, will result in decreased water availability (Gosain et al. ) . For India, the impacts on agriculture will be crucial. Based on experimentation at New Delhi, Aggarwal () has reported that a 1°C rise in temperature throughout the growing period will reduce the wheat production by 5 million tons. Kalra et al. () found that the yield of wheat, mustard, barley and chickpea show sign of stagnation or decrease following a rise in temperature in four northern states of India. Of course, the extent of decrease was different for crops as well as their locations. 
CONCLUSIONS
An understanding of the spatial and temporal distribution and changing patterns in rainfall is a basic and important requirement for the planning and management of water 
